Marčiulionienė D., Montvydienė D., Kazlauskienė N., Lukšienė B., Jasinevičienė D., Tautkus S., 2014: Response of test-organisms to different Na and Cu salts [Testinių organizmų atsakas į skirtingų Na ir Cu druskų poveikį]. -Bot. Lith., 20(2): 131-141.
INTRODUCTION
Release of chemical substances from inappropriately fertilized agricultural areas, energetic or industrial facilities, municipal waste water treatment plants or landfills into the environment can disturb health and stability of aquatic or terrestrial ecosystem (Skorbilowicz, 2009; bonanno, 2011; EmEnikE et al., 2012) . This pollution is especially dangerous as it is permanent and in many cases chemical substances are rather persistent (manioS et al., 2003) . For example, the landfill's leachate composition is considered in four categories: (1) dissolved organic matter, (2) inorganic macrocomponents (Ca ) and (4) xenobiotic organic compounds (aromatic hydrocarbons, phenols, chlorinated aliphatics, pesticides and plastizers) (kjEldSEn et al., 2002) . Heavy metal (HM) contamination due to its non-degradability is one of the most serious environmental problems limiting plant productivity and threatening human health.
Metal toxicity to various organisms has been widely studied (kinraid, 1999; montvydiEnE & marciulio niEnE, 2004; chiodi boudEt et al., 2011; tao et al., 2012; tang et al., 2013; bEn SalEm et al., 2014; har guintEguy et al., 2014) . It is generally accepted that metal toxicity to organisms is positively correlated to BOTANICA LITHuANICA 2014, 20(2): 131-141 ISSN 1392 ISSN -1665 10. 2478/botlit-2014-0020 the concentration of metals in organism tissues; higher metal concentrations in the tissues usually induce stronger damage in organism (Xiong & wang, 2005) .
A lot of studies related to lethal, sublethal, acute and chronic toxic effect of various heavy metals and their mixtures on higher plants and animals as well as peculiarities of bioaccumulation of heavy metals in organisms have been carried out (marciulioniEnE et al., 2002; yruEla, 2005; voSyliEnE et al., 2005; andErSEn et al., 2013; ovečKa & taKáč, 2014) . Metals are found in various chemical compounds in the environment; consequently, their bioavailability and biological activity differ. Some facts suggest that the different salts of the same metal can cause different response of organism (wang, 1992; zaman et al., 2002) . Information about the influence of anions on biological effects of metal salts, the impact of anions on accumulation and distribution of metals in the organisms as well as on accumulation and distribution of anions in organisms is scarce.
The anions (nitrates, sulphates, chlorides) of Na and Cu salts, which were chosen in our study, are necessary for normal metabolism, growth and development of organisms (marSchnEr, 1995; nEwman, 1998; rahman et al., 2001; yruEla, 2005) . Many studies have been conducted on Na salts (salinity), but most have focused on Na chloride accumulation in organisms and toxicity (Silva et al., 2003; Parida & daS, 2005) . Considerably, less attention has been given to other salinities such as those caused by Na sulphate or nitrate (mEr et al., 2000; zaman et al., 2002) . Accumulation and toxicity to Cu on plants under natural and laboratory conditions have been studied rather extensively (Foy et al., 1978; FErnandES & hEnriquES, 1991; diEtz et al., 2001; dEmirEvSka-kEPova et al., 2004; mullEr et al., 2001; montvydiEnE & marciulioniEnE, 2004; koPittkE & mEnziES, 2006; lamb et al., 2012) . However, the main attention has been focused on the impact of Cu sulphate on organisms (mocquot et al., 1996; lombardi & SE baStiani, 2005) . The impact of other Cu salts on organisms has been investigated to a less extent (koPittkE & mEnziES, 2006; BurzyńsKi & ŻureK, 2007) . The data on toxicity testing indicate that different organisms respond differently to various heavy metals or their mixtures, therefore, the use of testorganisms of different phylogenetic level is essential for a reliable assessment of the effects of heavy metals on the environment (montvydiEnE & mar ciulioniEnE, 2004; šiMonová et al., 2007; chaPman et al., 2013) .
The aim of this study was to estimate and compare the effect of Na and Cu salts (nitrates, sulphates, chlorides) on a rainbow trout (Oncorhynchus mykiss L.) in their early stages of development as well as seed germination and root growth of garden-cress (Lepidium sativum L.), to investigate the accumulation of cations (Na + and Cu
2+
) and anions (NO 3 -, SO 4 2-, and Cl -) in the roots and shoots of L. sativum from the solutions of different Na and Cu salts.
MATERIALS AND METHODS
Assay of Oncorhynchus mykiss. O. mykiss (rainbow trout) was tested in early ontogenesis (embryos and larvae) for mortality throughout the test and physiological indices: heart rate (HR, counts·min ) after 5-20 days of exposure, growth (average body mass at the end of the test, mg; integrated parameter -relative body mass increase, %). Long-term (30 days) toxicity tests with the rainbow trout (embryos and larvae were obtained from the Žeimena hatchery) were conducted under semi-static conditions and two replications were done. Artesian water of high quality was used as the control. The average hardness of water was approximately 284 mg·l -1 as CaCO 3 , alkalinity 244 mg·l -1 as HCO 3 -, average pH ~ 8.0, temperature 9.5-10 ± 0.2ºC and the oxygen concentration ranged from 8 to 10 mg·l -1 (KazlausKienė & stasiunaitė, 1999; KazlausKienė et al., 2002) . Significance of all responses was verified by Student's t-test at p ≤ 0.05, using the GraphPAD (InStat, USA).
Assay of Lepidium sativum. Bio-assay of L. sativum (garden-cress) was carried out following the method modified by magonE (1989). Briefly, 9 ml of distilled water (as control) or testing sample solution was pipetted onto three layers of filter paper fitted into a 9-cm glass Petri dish. Twenty-five healthy looking L. sativum seeds of similar size were distributed evenly on filter paper. The Petri dishes were placed in the darkness at 25 ± 1°C for 48 hours. Afterwards, the seed germination, root length of seedlings and fresh and dry biomass of roots and shoots were determined. The samples were dried at room temperature (t = 19-21°C). Germination power of seeds and length of L. sativum roots in distilled water were 92 ± 4% and 30.6 ± 1.5 mm, respectively. The experimental set of each testing scheme involved 10 control dishes and 10 replicates for each tested salt concentration. The range limits of pH values of experimental solutions were from 5.17 to 6.01. The EC50 values (i.e. toxicant concentrations that induce 50% growth inhibition of L. sativum as percentage of control, in 2-day experiments) were estimated by linear regression analysis of root length and logarithm of cation concentration in mg·l -1 . The data were analysed by one-way analysis of variance (ANOVA) followed by Dunnett's multiple comparison test, at p < 0.05, using the Statgraphics plus Version 2.1. (Statistical Graphics Corp., USA).
Chemical reagents and measurement of cations and anions concentration in plant. Solutions of Na and Cu salts were prepared using reagents of analytical grade: Na 2 SO 4 , NaNO 3 , NaCl, CuSO 4 ·5H 2 O, Cu(NO 3 ) 2 ·3H 2 O, CuCl 2 (Merck (Darmstadt, Germany) and deionized water (pH 6.24 ± 0.04). Salt concentrations expressed in the amount of cations were used in the study for the evaluation of the toxic effect of Na and Cu salts on the test-organisms.
The measurement of Na and Cu concentrations in tested samples of L. sativum roots and shoots was performed using atomic absorption spectrometer (Hitachi 150-70, Japan). Anions SO 4 2− , Cl − and NO 3 − were determined using ion chromatography -Dionex 2010i with conductivity detector, the column used for anion analyses was Ion Pac AS4A-SC. The eluent for anion analysis was 1.8 mM sodium carbonate + 1.7 mM sodium bicarbonate and the regenerator was 100 mM H 2 SO 4 .
The transfer (TF) of tested ions from roots to shoots was calculated using formula % 100
The amounts of cations and anions were presented for the dry weight (d. w.) mass. Uncertainties were evaluated bearing into account bias weighing, solution preparation and concentration determination. In all cases uncertainties did not exceed 10%.
RESULTS AND DISCUSSION

Effects of metal salts on Oncorhynchus mykiss
It is known that early stages of development are especially sensitive period in fish life, as during a rather short time (from four days to two months) their organisms undergo many critical periods (embryos, larvae, fry) till formation of self-sufficient individual (KazlausKienė et al., 2002) . Investigations showed that the mortality of O. mykiss embryos in examined sodium and copper sulphates and chlorides fluctuated from 5 to 11.5% (Fig. 1) . It means that these salts did not have significant effect on the mortality of O. mykiss embryos in the tested concentrations, because allowable mortality of embryos in control water is 15% (KazlausKienė et al., 2002) . However, the treatment with 44.0 and 440 mg·l -1 Na + concentration in Na NO 3 resulted in, respectively, 32.5% and 38% mortality of embryos (Fig. 1) .
Embryo immunity against effects of toxic substances is related to spawn embryonic membranes, which are a protective barrier between the embryo and the environment. However, this barrier is pervious to certain toxic substances. It is conditioned by the selective spawn membrane perviousness, wherefore spawn exhibit greater immunity against toxicants compared to larvae. Toxic substances have a harmful effect on gill, through which they enter the organism (KazlausKienė et al., 2002) . Cu(NO 3 ) 2 has the greatest effect on larvae mortality, where 0.06 mg·l -1 Cu 2+ concentration in this salt caused 28.1% larvae mortality. The 0.08 and 0.1 Cu 2+ concentrations in copper sulphate and chloride accounted for 18.2% and 13.2% larvae mortality, respectively (Fig. 2) . Consequently, O. mykiss larvae are significantly more sensitive to the effect of different sodium and copper salts compared to embryos.
Long-term investigations showed that sodium and copper salts not only reduce the survival of O. mykiss embryos and larvae, but also interfere with the functioning of the principle vital systems, because such salts are slowing down gill ventilation frequency (GVF) and heart rate (HR) of embryos and larvae. It was found that only NaCl did not have any effect on the HR of embryos (Fig. 3) . The HR of rainbow trout embryos was more affected by NaNO 3 than by Na 2 SO 4 (Fig. 3) . However, larvae HR were negatively affected by all examined salts. NaCl did not have any effect on the embryo HR; however, the effect of this salt on HR of larvae was significant in comparison with control. The GVF of rainbow trout larvae was not affected only by Na 2 SO 4 , whereas all other the highest toxicity to the GVF of rainbow trout larvae. It is known that changes in respiratory and heart activity in embryos and larvae caused by toxicants influence the growth of embryos and larvae, disturb the duration of incubation, and impede their development (mckim, 1985) . Insufficiently developed blood circulation in a yolk sack disturbs the use of yolk and negatively affects respiratory mechanisms; therefore, the size of larvae decreases, their growth rates slow down, biomass decreases, and a possibility of becoming a victim or dying increases (mckim, 1985) .
It was found that the effect of tested salts depended on the development stage of O. mykiss (larvae were more sensitive than embryos), the sensitiveness of indices used in the experiment and on metal salts themselves (nitrates were more toxic than sulphates and chlorides).
Effects of metal salts on Lepidium sativum
Investigations of the effect of Na and Cu salts on L. sativum showed that in most cases seed germination in the solution of these salts differed insignifi- Fig. 1 . Effect of sodium salts on the mortality of O. mykiss embryos and larvae (n = 200) Fig. 3 . Effects of Na and Cu salts on cardio respiratory indices of O. mykiss embryos and larvae: heart rate (HR) and gill ventilation frequency (GVF) sodium and copper salts reduced this index significantly (Fig. 3) .
After comparison of the effects of different salts of the same metal, it was found that nitrates showed cantly from the control (p < 0.05), except in the highest concentrations of Na nitrate (1500 and 3000 mg·l -1 Na + ions in NaNO 3 solution), which decreased the seed germination by 35% and 58%, respectively, in comparison with control. luttS et al. (1996) found significant reduction of rice seed germination at high NaCl concentration and explained it by the osmotic and toxic effects of NaCl.
Morphological changes in the roots were observed only in solutions of some concentrations of Cu nitrate and chloride. Roots of L. sativum were undeveloped, with brown tips, without root hairs in two highest concentrations of Cu ion in Cu nitrate solution, as well as the brown tips of the roots were observed in two highest Cu ion concentrations in Cu chloride solution. However, solution of the tested Na salts did not cause any morphological changes in the plant roots. It was found that some concentrations of the tested Na salts and some concentrations of Cu nitrate and sulphate stimulated (p < 0.05) the growth of L. sativum roots (Fig. 4, 5) .
The toxicity of Na and Cu salts to L. sativum was assessed according to the 50% effective concentration (EC50) of Na + and Cu 2+ ions (mg·l
), which inhibits root growth by 50% in 2-day experiment (Table 1) .
Nitrate was the most toxic to root growth of L. sativum among the tested Na salts; while sulphate was the most toxic to this plant among tested Cu salts. Chloride of both tested salts was less toxic to root growth of L. sativum. Obtained data showed that the values of EC50 of Na salts were 100 times lower than that of the same Cu salts (Table 1) . According to the literature sources (ouzounidou, 1995; montvydiEnE & marciulioniEnE, 2004; lombardi & SEbaStiani, 2005; lamb et al., 2012 ) the value of the effective concentration (EC) of Na and Cu varied in very wide limits and depended on plant species.
Accumulation and transfer of cations and anions in Lepidium sativum
The EC50 values of Na + and Cu 2+ ions in tested salts were markedly higher than the environmental concentrations of these metals. Na concentration in surface water and bottom sediments varied in rather high limits depending on season and pollution sources around water basins. For example, average values of Na in quite polluted lake water varied from 420 mg·l , d. w. in summer (arain et al., 2008) . Rather similar average values of Na amounts in river water and bottom sediments were determined by Shomar et al. (2005) . It is considered that practically 15% of total Na in bottom sediments is bioavailable (arain et al., 2008) . Cu concentration in non-contaminated soil and bot- (moorE & ramamurthy, 1987) . Besides that, Cu easily makes complexes with organic ligands, consequently, their presence in the medium sharply reduces copper bioavailability (FErnandES & hEnriquES, 1991) . However, it is currently well accepted that both total and soluble Cu concentrations are poor predictors of Cu toxicity (haSSlEr et al., 2004) . Consequently, it is very important to know how Na and Cu ions and anions of their salt are accumulated from medium solution to plant, how they distribute in plant vegetative parts and how it can influence plant growth and development.
Whereas toxic impact of the tested metal salts (nitrates, sulphates, chlorides) on L. sativum differed, we can state that the difference in toxicity can be attributed to the tested anions (NO 3ˉ, SO 4 2ˉ, Clˉ). Amount of Na + and Cu 2+ as well as of the tested anions in plants was not measured in all variants of growing solution; it was done only in variants, which were interesting for us regarding the caused toxicity effects. In addition, concentration of Cu 2+ , NO 3 -and Cl -ions in some tested variants was lower than detectable limit of measurement.
The amounts of Na + ions and tested anions in roots and shoots of L. sativum are presented in Table 2 .
Accumulation of Na + ion in roots and shoots of control plants fluctuated from 4.2 to 6.3 mg/g and from 0.74 to 1.6 mg/g, d. w., respectively, and transfer coefficient varied from 16 to 25%. The similar content of sodium ions in control plants was reported by quEiróS et al. (2011), however, the content of Clˉ in their study was higher than those in ours. In our case the amounts of NO 3ˉ and Clˉ in control plant roots and shoots were lower than detectable limit of measurement. Therefore, only the amount of SO 4 2ˉ was measured in control plant, and it reached 16.1 mg/g, d. w. in roots and 3.8 mg/g d. w. in shoots, as well as the transfer coefficient of sulphate ion was 23.6% (Table 2) . The values of the amount of Na + ions were rather similar in roots from all tested solutions (Table 2) . However, the amount of Na + ions in shoots was lower in plants growing in NaCl solution in comparison with plants growing in other tested Na salts. The tested anions (NO 3ˉ, SO 4 2ˉ and Clˉ) of Na salts in roots accumulated in larger amount than in shoots. It corresponded with the data reported in literature (quEiroS et al., 2011; yildiztugay et al., 2011) . Additionally, accumulation of Clˉ ions in roots of L. sativum was higher than that of SO 4 2ˉ and NO 3ˉ (Table 2) . Obtained data showed strong correlation between L. sativum root length and content of Na + ions in shoots of plants growing in Na nitrate solution (r = 0.99, p = 0.001). Correlation was also found between root length and content of NO 3ˉ in roots and shoots of plants growing in Na nitrate solution (r = 0.93, p = 0.022 and r = 0.99, p = 0.0007, respectively). The other correlations between sodium ions and anions content and root length were not statistically significant. The transfer of Na + from roots to shoots increased up to a certain Na + ions concentration, which differed from all tested salts, then transfer of Na + started to decline ( Table 2 ). The highest transfer of this ion from roots to shoots in plants growing in Na nitrate and sulphate solutions was estimated at the concentration following the concentration in which the highest accumulation was measured (Table 2 ). It is known that regulation of NO 3ˉ uptake involves the induction of high-capacity, high-affinity uptake system and negative feedback regulation of NO 3ˉ uptake by increasing internal NO 3ˉ concentration (whitE, 2011). The negative feedback regulation may be caused not only by high NO 3ˉ concentration in vacuoles, but also by elevated concentrations of reduced N in the form of amino acids glutamine and asparagines or NH 4 + (whitE, 2011). Very important role in the plant cell is played by nitrate reductase, which reduces nitrate to nitrite, but according to rEddy & mEnary (1990) the activity of this enzyme is inhibited by high endogenous NO 3ˉ concentrations. It is now assumed that the dominant signal of plant tissues S status that regulates sulphate uptake and assimilation is the accumulation of reduced S compounds such as cysteine or reduced glutathione and sulphate storage in vacuole is less important for negative feedback regulation of sulphate uptake (whitE, 2011). (−) -lower than detectible limit of measurement; * − not possible to estimate due to lack of data According to bErStEin et al. (2010), unlike leaves, roots did not suffer oxidative damage in either growing or mature cells and demonstrated reduced antioxidant response under salinity stress. There are some mechanisms, which restricted transfer of excess Na + from roots to above-ground parts of plant, because the high concentrations of Na salts alter equilibrium of Ca 2+ and Na + in the root environment, which affects membrane properties due to displacement of membrane-associated Ca 2+ by Na + , thus changing the membrane integrity and selectivity (kinraid, 1999; tEStEr & davEnPort, 2003; Silva et al., 2003; lamb et al., 2012) . The increase of Na + inside the cells could: change enzyme activity resulting in cell metabolic alterations; cause disturbance in K + uptake and partitioning in the cells and throughout the plant (EPStEin, 1998) . It is presumable that removal of Na + from the cytoplasm and compartmentation of Na + into vacuoles done by a salt-inducible Na + /H + antiporter provides an efficient mechanism to avert the deleterious effects of Na + (and Clˉ) in the cytosol (aPSE et al., 1999) .
It is rather complicated to discuss the accumulation of anions from Cu salts solutions and their transfer from roots to shoots because the amount of anions in roots and shoots in half of the cases of the investigation was lower than the detectable limits of measurements (Table 3) . Data showed that Cu 2+ accumulated more in L. sativum roots than shoots and it coincided with the results reported in literature (Stolz & grEgEr, 2002; lamb et al., 2012) . The accumulation of Cu 2+ ions in both roots and shoots from all tested Cu solutions was quite similar (Table 3). Therefore, for the deeper understanding of the Cu salts toxicity on plants more comprehensive investigations are needed.
The transfer of anions from roots to shoots was significantly lower in plants growing in Cu salts than in Na salts (Tables 2, 3 ). The transfer of Cu 2+ ions from roots to shoots of L. sativum was also lower than that of Na + ions (Tables 2, 3 ). There are some mechanisms, which restrict transfer of excess Cu 2+ from roots to above-ground parts of plants. One of these is storage of excess copper as copper-binding proteins in vacuole of root cells (yruEla, 2005) . Excess Cu in medium inhibits respiration, negatively affects nitrogen and protein metabolism, decreases membrane integrity, causes a reduction of chlorophyll contents and inhibits some photosynthetic functions in leaves (makSymiEc, 1997; dEmirEvSkakEPova et al., 2004) .
CONCLUSIONS
In the most cases, Na and Cu salts (chlorides, sulphates and nitrates) did not have any significant effect on the mortality of O. mykiss embryos. The strongest effect on larvae mortality was exerted by Na and Cu nitrates. Nitrates also caused the strongest effect on the heart rate (HR) of embryos and larvae. Na nitrate had the strongest effect on the gill ventilation frequency (GVF) of embryos. Effects of Cu nitrate and sulphate on GVF of larvae were similar and statistically higher than those of control and Cu chloride solution. It was found that toxicity of the investigated sodium and Cu salts to O. mykiss depended on the stage of fish development, different salts of the metal and sensitiveness of the indices used in the experiment.
The highest effects of Na nitrate among tested Na salts may be related to the relatively high transfer of Na + and NO 3ˉ from roots to shoots of L. sativum. The highest effects of Cu sulphate to L. sativum in comparison with other tested Cu salts may depend on the rather high transfer of SO 4 2ˉ from roots to shoots, although Cu 2+ accumulation in roots and shoots was quite similar in plants growing in all tested Cu salts. The rather high correlation was found between root length and amount of Na + , NO 3ˉ and SO 4 2ˉ ions in plant roots and rather low correlation coefficient was calculated between root length and the amount of Na + and Clˉ ions in roots.
The obtained results showed that all investigated Cu salts were more toxic (about 100 times) to O. mykiss in early stages of the development and root growth of L. sativum, compared to Na salts. Among Na salts, NaNO 3 caused the strongest toxic effect on both the L. sativum and O. mykiss embryos and larvae, as well as among Cu salts, CuSO 4 had the strongest toxic effect on the L. sativum, and -Cu(NO 3 ) 2 mostly affected O. mykiss embryos and larvae. It could be concluded that the toxicity of Na and Cu salts to organisms depends upon anions in salts.
All these investigations on the toxicity of Na and Cu salts to tested organisms, accumulation of cations and anions in the roots and shoots and their transfer from roots to above-ground parts of plant are the first steps to further examination of the toxicity of the mixtures of various metal salts and other chemical substances (including radionuclides), behaviour of the cations and anions in those mixtures and the importance of anions to the toxicity of metal salts. Fundamental investigations also are needed for the better understanding of the mechanisms of the behaviour of anions and cations in organisms of different phylogenetic and ontogenetic stages.
